HE RISING concern towards environmental issues and on the other hand, the need for more versatile polymer-based materials has led to increasing interest about polymer composites filled with natural-organic fillers coming from renewable and biodegradable sources. This review illustrates the main paths and results of researches for manufacturing of particleboard from agro wastes using different synthetic and natural adhesives,as well as appropriate references for further in-depth studies.
The particleboard industry relies extensively on adhesives that account for up to 32% of manufacturing costs in the glued-wood composites industry.
The adhesives used in wood composites mainly depend on either synthetic or natural ones.
Scientific Background

Synthetic resins
A lot of synthetic resins (3) are used as a binder for straw to manufacture high performance fiberboards.
Urea formaldehyde resin (UF)
UF is the most known synthetic resin mainly used as a binder for rice straw. The synthesis of a UF resin proceeds via the methylolation of urea and condensation of the methylol groups (4) . The production of UF resins is achieved in various stages and special additives are used to improve the conditions. Threedimensional networks are constructed during curing of urea and formaldehyde initiated at lower pH. The curing is monitored by thermal methods and spectroscopic measurements. The pH values in UF formulations have a significant influence on the rate constants. The curing of urea/formaldehyde resins releases formaldehyde into the environment.
Manufacturing dry-formed rice straw medium density fiber board (RSMDF) using UF resin by mechanical technique without pretreatment technique was investigated (5) . The properties and the quality of the produced (RSMDF) fiberboard were evaluated. They revealed that they depend on the average density and the resin contents. The RSMDF panels were produced successfully using the new rice straw fibers preparation technique and their properties met the requirements of MDF standard. Rice straw-wood particle board composite for sound absorbing wooden construction materials, using UF as a binder was manufactured by Yang, H.S. et al (6) .
Effect of oxalic acid (OA) and steam pretreatment on the primary properties of UF-bonded rice straw particleboards was evaluated (7, 8) . It showed that steamand short durations of OA-treatment significantly improved the mechanical properties and dimensional stability of rice straw particleboards. However, steam-treated rice straw (without OA-treatment) panels exhibited even better performance when compared with OA-treated panels. OA-pretreatment time has a negative effect on performance of panels, whereas the effect of temperature on the performance of OA-treated panels was not significant, except for the linear expansion.
Improvement of rice straw surface characteristics via thermo mechanical and chemical treatment was investigated (9) . Acid treatment dissolves hemicelluloses significantly, leading to more fines and more voids in the surface of the rice straw fibre. The fines showed a higher water retention value (WRV) of 137.41% and exhibited higher swelling capacity. An increase in acid loading resulted in the increased (WRV).
Li, X. et al. (10) evaluate the primary mechanical and physical properties of particleboard made from hammer-milled rice straw particles of six different categories using UF resin. The results show the performance of straw particleboards is highly dependent upon the straw particle size, controlled by the opening size of the perforated plate inside the hammer-mill.
Surface characteristics of overlaid medium density fiberboard (MDF) panels manufacture from rice straw and bamboo using UF resin as a binder were evaluated (11) . It shows that both non-wood under-utilized species can be considered as raw material to manufacture value-added MDF panels as substrate for overlaying without having any adverse influence on their surface quality.
In order to manufacture straw based panel with high quality, low toxic and fire retardant (12) , the interface of wheat-straw, before binding with UF resin was treated with alkaline liquid. The conductivity and diffusion coefficient K of the straw material after alkaline liquid treatment increased obviously. This indicated that alkaline liquid treatment improved the surface wet ability of straw, which is helpful for the infiltration of resin. The physical and mechanical properties of wheat-straw boards after treated increased remarkably and it could satisfy the national standard. The improvement of the straw surface wet ability is helpful to the forming of chemical bond.
The properties of medium-density fibreboard (MDF) based on wheat straw and melamine modified urea formaldehyde (UMF) resin a fully equipped pilotplant was studied (13) . The properties of the resulting SMDF were evaluated by analyzing mechanical and water absorption (anti-swelling) properties.
The potential for using walnut shell as a raw material for wood-based particleboard manufacturing was investigated (14) . The boards had lower thickness swelling and water absorption, so they can be used for outdoor environment.
The influence of relative humidity on surface quality and adhesion strength of coated medium density fiberboard (MDF) panels using wood particles was studied (15) . Overall adhesion strength characteristics of the panels samples were adversely influenced by increased value of relative humidity exposure.
Phenolformaldehyde (PF) adhesive
Mechanical and physical properties of wheat straw boards bonded with a tannin modified phenol-formaldehyde adhesive were investigated (16) , it revealed that wheat straw can be used as a promising raw material for panel production with the use of a tannin-modified PF adhesive.
Polymeric methylendiphenyl diisocyanate (PMDI)
PMDI is of particular interest for rice straw particleboard manufacturing (3, 17) because of its ability to bind rice straw despite the wax present on the surface of the straw. Advantages of the diisocyanates include their high reactivity, high binding quality for exterior-grade panel products, and no formaldehyde release. However, the disadvantages of diisocyanates include their relatively higher price and higher toxicity of the uncured glue than other adhesives.
The effect of PMDI and UF resin content on the mechanical and fire retardant property of straw (12) based panels with surface alkali processing was investigated. Compared with PMDI -bonded panels, the rice straw particle board bonded using UF resin exhibits much poorer performance.
Li , X. et al. evaluated the primary mechanical and physical properties of particle board made from hammer milled rice straw particles and two types of resins (UF and PMDI) (10) .
A less expensive and environmentally friendly rice bran adhesive may be used to replace a portion of PMDI and still give high. T quality products. (17) Rice bran adhesive (RBA) was used to replace 10,20, and 30% of PMDI adhesives. The properties of the resulting mixed adhesive products were then evaluated and compared with particleboard bond with only PMDI. Up to 30% of the PMDI could be replaced with RBA to yield products with properties similar to those of PMDI bond particleboard.
Polypropylene (PP) and polyethylene (PE)
Effects of nanoparticles (silica and clay) on the mechanical properties of rice straw/polypropylene composites have been studied (18) . Generally high amount of nano-size particles in the composites can lead to the reduction of interfacial adhesion between matrix polymer and filler, and it limits their applications. Transmission electron microscopy revealed the existence of uniform, intercalated nanoclay dispersed throughout the matrix. At 1 and 2 wt% loading the mechanical properties of composites filled with nanoclay are general greater than nanosilica composites.
Whole and split wheat straws (WS) with polypropylene (PP) webs to make lightweight composites with properties superior to jute-PP composites with the same density were investigated (19) . The effect of WS concentration, WS length, split configuration, and mechanically split on flexural and tensile properties of the composites has been investigated. The sound absorption properties of composites from whole straw and split straw have been studied. Compared with whole WS-PP composites mechanically split WS-PP composites have higher flexural strength, modulus of elasticity, impact resistance properties, tensile strength, Young's modulus. Compared with jute-PP composites, mechanically split WS-PP composites have higher flexural strength, modulus of elasticity, tensile strength, and Young's modulus, better sound absorption properties and lower impact resistance.
Bledzki, A.K. et al. studied (20) the potential of grain by-product such as barely husk coconut shell as reinforcements thermoplastic (polypropylene PP) as an alternative or together with wood fibers. Thermal degradation characteristics of those fibres, particle morphology and particle size were investigated. Also, water absorption properties, chemical composition and surface chemistry of those fibres were also determined to evaluate their importance in determining the enduse properties of composites.
The physico-mechanical properties of chemically treated coir reinforced PP composites have been investigated (21) . In order to attain improved mechanical properties of the composites, coir was chemically treated with o-hydroxy benzene diazonium salt. Both raw and treated coir samples were utilized for the fabrication of the composites. The mechanical properties of the composites prepared from chemically treated coir are found to be much better compared to those of untreated ones. (22) . The higher the rice straw content the less thermally stable the biocomposite becomes and the lower is the melting point. Thermal behaviour also indicated that the suitability of processing HDPE/rice straw biocomposite is below 200 o C depending on the rice straw composite.
Development of high density polyethylene (HDPE)/rice straw composite for construction application via injection mold technique was investigated
Effect of fiber type and loading on rice straw-fiber-reinforced high density polyethylene composite was investigated (23) . The rice straw fiber systems had comparable mechanical properties with those of wood composites. Increase in fiber loading led to increased moduli and decreased tensile and impact strength.
Withdrawal strength of strength of fasteners in rice straw fiber-thermoplastic composite polyethylene-polypropylene (PEPP) under dry and wet conditions was studied (24) . It showed that the withdrawal strength of screws is more than that of nails. Also, irrespective of the type of polymer, the percentage of rice straw fiber may significantly influence the withdrawal strength of fasteners, especially at the higher fiber to polymer ratios. Furthermore, it was found that in the wet condition the withdrawal strengths of the nail fasteners are reduced more (73.66%) than for the screws (28.9%).
Polyvinyl alcohol and polystyrene adhesive
Mechanical properties of rice straw fiber-reinforced polymer composites based on polyvinylalcohol and polystyrene polymers with different ratios were studied. (25) . The results indicated that, flexural strength, impact strength and modulus of elasticity increase with increasing the polymer ratio in the mix composition. The water absorption and thickness swelling percentages of rice straw fiber polystyene composites decrease with increasing the polystyrene content, while their values for rice straw polyvinyl alcohol composites improve.
Polyvinyl chloride
Wood plastic composites (WPCs) were developed from rice hull and poly (vinyl chloride) (PVC) (26) . The influences of the rice hull particle size and content on the mechanical properties and the visual appearance of the WPC decking board were investigated. The experimental results revealed that the impact strength tended to decrease with increasing rice hull content. The composites with larger particle sizes exhibited higher impact strength. Under tensile and flexure load, higher rice hull content induced greater modulus and ultimate strength. The smaller particles of the milled rice hull, the greater tendency for them to act as a pigment to form a darker shade.
Poly (hydroxyl butyrate cohydroxyvalerate) (PHBV) copolymer
Mechanical rice straw filled composites were prepared from poly (hydroxybutyrate-co-hydroxyvalerate) (PHBV) copolymer containing 13% mole hydroxybutyrate. The effect of rice straw content on thermal and mechanical properties of the composites was investigated (27) . It was shown that the value of tensile modulus value almost doubled with the increase of rice straw content, while the tensile strength slightly decreased, compared to pure PHBV resin. PHBV/RS composites are expected to be developed as materials for structure applications, especially for panelized components with good thermal insulation, intended for improvement of the energy efficiency in eco-buildings.
Novel green composites were successfully fabricated by incorporating agroresidues as corn straw (CS), soy stalk (SS) and wheat straw (WS) into the bacterial polyester, poly (3-hydroxybutyrate-co-3-hydroxyvalerate), PHBV, by melt mixing technique (28) . Effects of these biomass fibers on mechanical, thermal, and dynamic mechanical properties of PHBV were investigated. A comparative study of biomass fiber-reinforced polypropylene composite systems was performed. For equal amounts of (30%) biomass fibers, tensile and flexural modulii of PHBV composites showed much higher values than corresponding PP composites. Alkali treatment of wheat straw fibers enhanced strain at break and impact strength of PHBV composites by ~ 35%, hardly increasing strength and modulus compared to their untreated outcomes.
Recycled plastics and resin
Water-resistant panels were manufactured from recycled plastics and resin (29) obtained from food, perfumery or cleaning packaging, waste production from factories due to failures in sheet thickness. This contributes to decontaminating the environment, since most of these wastes are buried in municipal land without any use, or accumulated and burned in landfills, causing environmental degradation.
Natural adhesives
Replacing a part or all of the currently used synthetic adhesives with inexpensive and environmentally friendly adhesives is of interest to the particleboard industry.
Soyaprotein adhesive
Among several natural products, high protein containing soybean is finding use in particleboard industry (30, 31) . However, due to its low water resistance and adhesive strength soy protein-based adhesives have not been accepted early in the marketplace. Myers (30) determined that bleached wheat straw particleboard bond with soyabean-based adhesive had similar or better mechanical strength than that with urea formaldehyde resins. The advantage of being formaldehyde free which makes them a suitable alternative for indoor applications. They also have high flexural strength.
The possibilities of using soy protein isolate (SPI) and wheat gluten (WG) as binders for particle boards were studied by Khosravi ,S. et al. (32) .
The effects of carbohydrates on the water resistance and bonding strengths of soy-based adhesives (SBAs) were studied (33) .
Polylactic acid natural filler adhesive
Natural fiber reinforced poly (lactic acid) (PLA) composites have received great attention (34) . However, the poor interfacial adhesion between strong polar natural fibers and the non-polar PLA matrix limited its applications. Rice straw fiber (RSF) was pre-treated to improve its compatibility with PLA. Methyl methacrylate (MMA) was selected as the monomer in the admicellar polymerization for the RSF treatment, because RSF coated with poly (methyl methacrylate) (PMM) thin film would have better compatibility with the PLA matrix. The results confirmed that the thermal stability of treated TRSF-PLA was improved compared with RSF-PLA composite.
Another study for using PLA for the manufacture of particleboard was carried out (35) . The PLA-Rice straw fiber composites with various content ratios were prepared by using an internal mixer and a flatten press. The thermal properties, interface effect and mechanical performance measurement, TG, DSC and SEM technique were studied. It was found that increasing the content of rice straw fiber leads to the decrease of the melting temperature. Introducing the rice straw fibers into PLA matrix does not result in any enhancement of mechanical property. However, the tensile strength of the composite increases as the content of rice straw fiber increases from 10% to 30%. The interface effect between fibers and PLA was obviously observed by SEM photo. It was thought such an issue could be improved by the addition of appropriate coupling agents into the composites.
Biodegradalole composites (36) were prepared from modified rice straw fiber (MRSF), Polybutyl acrylate (PBA) and PLA. The tensile strength of PLA/MRSF increased by 6 MPa. Compared with blank sample and water absorption is lower than unmodified sample. The thermal stability increased with PBA increasing.
Natural rubber latex
Biodegradable and easily disposable natural rubber latex jute composite was prepared (37) in order to have acoustical and fire-retardant properties.
Starch adhesive
Attempts have also been made to use starch-based adhesives in particleboard systems.
Environmentally sounds composites (38, 39) were produced from rice straw and corn starch. They have high flexural strength. The developed composite have potential application for ceiling panels and bullet in boards.
The physical and mechanical properties of particleboard made from rubber wood using modified starch as binder were evaluated (40) .
The performance of cornstarch and tannin in phenol-formaldehydes for plywood production was investigated (41) . The performance of these panels is comparable to those of plywood panels made from commercial phenol formaldehyde.
